Syrian Woodpecker nests were studied in a 305-km 2 area of the agricultural landscape in SE Poland. The median egg-laying date was found to be 12 May and the median fledging date was 20 June (the earliest laying date was April 24 and the latest fledging date was July 25). Females laid from two to seven eggs (median 5.0 eggs, n = 56). An average of 4.4 young hatched per nest (SD = 1.18, median 5, maximum 6, n = 41) after 9-13 days of incubation (median 10 days, n = 37). Two to six nestlings left successful nests (median 4, n = 37) after 24-30 days (median 27, n = 36), with a mean of 2.8 (SD = 2.24, median 3, n = 56) young fledging per nest. The main reason for the loss of young observed in 31 % of the Syrian Woodpecker broods was nest parasitism by starlings. These results suggest that the process and dynamics of the range expansion of the Syrian Woodpecker are influenced by a higher reproductive output of Syrian Woodpeckers at the extremities of its range as compared to that of the rest of the Syrian Woodpecker population. April; spätestes Ausflugdatum 25. Juli). Die Weibchen legten zwischen 2 und 7 Eiern (Median 5 Eier, n = 56). Nach 9-13 Tagen Brüten (Median 10 Tage, n = 37) schlüpften bis zu sechs Jungvögel, mit einem Durchschnitt von 4.4 Jungen pro Nest (SD = 1.18, Median 5, n = 41). Nach 24-30 Tagen (Median 27, n = 36) im Nest, flogen 2 bis 6 Jungtiere aus dem Nest einer erfolgreichen Brut aus (Median 4, n = 37), mit einem Durchschnitt von 2.8 (SD = 2.24, Median 3, n = 56) insgesamt. Der Hauptgrund für Brutverluste, der bei 31 % der Bruten des Blutspechts gefunden wurde, war Nestparasitismus durch Stare. Die Ergebnisse deuten darauf hin, dass der Prozess und die Dynamik der Ausbreitung des Blutspechts beeinflusst wird durch eine höhere Reproduktionsrate der Population an den äußersten Rändern des Verbreitungsgebiets im Vergleich zur Population im Zentrum.
Introduction
The Syrian Woodpecker Dendrocopos syriacus has been colonizing Europe since the end of the nineteenth century (Glutz von Blotzheim and Bauer 1980; Cramp 1985) , and its range currently extends 2 million km 2 in central and south-eastern Europe, where its population is estimated to have reached over 200,000-250,000 breeding pairs (BirdLife International 2004) . Its colonization of new areas in eastern Europe, where the population is constantly increasing, is proceeding dynamically (Zavialov et al. 2008; Michalczuk 2014) . The largest populations of Syrian Woodpecker, comprising over 45,000 breeding pairs each, are found in Turkey, Ukraine, and Bulgaria (BirdLife International 2004) . Its range also includes south-eastern Poland, where it has been nesting since 1979 (Ciosek and Tomiałojć 1982) . Its population in Poland has now reached 1000-2000 breeding pairs (Michalczuk and Michalczuk 2006a; Michalczuk 2014) .
Originally an inhabitant of thermophilic oak forests in Western Asia (Winkler 1973) , the Syrian Woodpecker is currently thriving in anthropogenic environments (Shirihai 1996; Mendelssohn and Yom-Tov 1999; Aghanajafizadeh et al. 2011) . In Europe, it has also populated woodlots in manmade environments while avoiding dense forests (Glutz von Blotzheim and Bauer 1980; Cramp 1985; Ciach and Fröhlich 2013; Fröhlich and Ciach 2013) . The Syrian Woodpecker is a monogamous species and, like other European woodpeckers, it produces only one brood per year (Cramp 1985) . This species exhibits a high nesting success of 70-90 % (e.g., Hogstad and Stenberg 1997; Pasinelli 2001; Wiktander et al. 2001; Mazgajski 2002; Kosiński and Ksit 2006; Mazgajski and Rejt 2006) . Birds that nest in holes usually successfully reproduce because their broods are difficult for predators to plunder (Martin and Li 1992; Wesołowski and Tomiałojć 2005; Mazgajski and Rejt 2006) . However, predators can be the main cause of woodpecker brood loss (Mazgajski 2002; Mazgajski and Rejt 2006; Paclik et al. 2009 ). Other reasons for unsuccessful woodpecker nesting are nest competition and parasitiism by secondary cavity nesters (Mazgajski 2000 (Mazgajski , 2003 Kosiński and Ksit 2006) . For many woodpecker species, the most significant nest competitor is the Starling Sturnus vulgaris (Ingold 1996; Mazgajski 2003; Koenig 2003; Wiebe 2003) . This species exerts strong nest pressure on Syrian Woodpeckers in Europe (Szlivka 1957 (Szlivka , 1962 Mitjaj 1986 ). There are also instances of nest predation in this species in Asia Minor (Al-Safadi 2004) . Taking the dynamic spread of the Syrian Woodpecker across Europe into account, it can be assumed that one of the main reasons for its spectacular expansion is reproductive success. Therefore, the aim of the study reported in the present paper was to investigate the breeding biology and reproductive effects of the Syrian Woodpecker in the recently colonized area of SE Poland.
Methods

Study area
The study area (305 km 2 ) was inhabited by 30 breeding Syrian Woodpecker pairs in 2003, but this number had increased to 50 by 2006 (Michalczuk and Michalczuk 2006a ; own observations). The area is located in the southeastern part of Poland (50°28 0 N, 23°40 0 E) and is characterized by gentle hills that are 195-263 m above sea level (Kondracki 2000) . Crop fields predominate, comprising 71 % of the area. The marshy valleys found in the study area have meadows that cover 11 % of the area, while small forests extend across only 4 % of the area. The forests in the eastern part of the study area are dominated by broadleaved trees, a substantial proportion of which are Common Hornbeam Carpinus betulus and oaks Quercus spp., whereas the western part is dominated by evergreen forests with a distinct predominance of Scots Pine Pinus sylvestris. Tree cover in built-up areas (human settlements) makes up 14 % of the study area. These tree stands are mostly groups of trees dominated by willows Salix spp., poplars Populus spp., and ash trees Fraxinus spp. However, fruit trees are encountered just as often, including Apple Malus domestica, Sour Cherry Prunus cerasus, and plum trees Prunus spp., as well as Walnut Juglans regia. Roadsides and lanes, as well as the few parks and cemeteries in the study area, mostly contain ash trees Fraxinus spp., maples Acer spp., and poplars Populus spp. Conifers such as spruces Picea spp., larches Larix spp., and pines Pinus spp. are only rarely found in anthropogenic stands in the built-up areas. The climate of this area is transitional with many continental characteristics. Annual rainfall is 600-700 mm, and the average temperature is about 7.5°C (Woś 1999).
Identifying territories and nest visits
Syrian Woodpecker territories were detected using a mapping method together with playback (for details see Michalczuk and Michalczuk 2006a, b; . Bird searches were conducted mainly in March and April in 2003-2006 in anthropogenic stands, which are preferred by this species (Glutz von Blotzheim and Bauer 1980; Cramp 1985) . In our field work we mainly monitored villages; ''stimulation points'' (see below) were established every 200-400 m on the streets of these villages. We also checked various tree groups and woods located in fields and meadows and at the edges of forests. At the stimulation points mentioned above, a sequence of Syrian Woodpecker calls and drumming was played for 5 min unless woodpeckers were spotted during the sequence, in which case it was immediately stopped. When woodpeckers were not observed during playback, we monitored the tree cover near the stimulation point for about 1 min, looking for unresponsive woodpeckers. The location and behavior of each woodpecker encountered were marked on a 1:25,000-scale map. We then moved by road to the next point on foot or by car, where the stimulation and bird search was continued (Michalczuk and Michalczuk 2006a, b; . To make it easier to distinguish between neighboring individuals and pairs, five females and six males from seven territories were color-ringed in [2002] [2003] [2004] . In each breeding season during [2003] [2004] [2005] [2006] , at least six searches were performed in the study area. A breeding territory was defined as a region where there had been at least three confirmed sightings of woodpeckers (Michalczuk and Michalczuk 2006a, b; .
In territories detected in this way, we then searched for Syrian Woodpecker nests. The nest cavities found were monitored from mid-April to July, and their contents were checked every day using a small mirror and a source of light to illuminate the nest cavity in the tree hole. Nests were monitored every 2-3 days from the start of the incubation period. During this brood stage, observations were performed every day close to the nest trees to check whether the number of birds in the nest changed or the brood was abandoned. After 8 days of incubation (counted from the last laying day), the nests were checked every day to determine the exact hatching date and number of chicks. Five-day-old nestlings were monitored every 2-3 days, but after 20 days the nests were checked every day again to determine the exact fledging date. In this way, we were able to determine the egg-laying (only broods at the egglaying stage were used in the analysis) and hatching dates, the size of the clutch, the number of nestlings, and the fledging date. After the nestlings had fledged, the nest hole was examined to determine if it contained any eggs or dead chicks. A total of 73 Syrian Woodpecker nests were studied. All but one of the broods considered were located in newly excavated holes.
Assessment of breeding parameters
Only nests that were at the egg-laying or incubation stage when found were used to assess reproductive parameters. Nesting success was calculated as the ratio of the number of nests with at least one fledged young to the number of nests in which eggs were found. Hatching success was calculated as the percentage of the monitored eggs from which nestlings hatched, and breeding success was considered to be the percentage of the monitored eggs that resulted in fledged young. For both of these indices, we only included nests in which the female completed her egg laying; that is, nests in which no further eggs were added after two consecutive days. Nests that were observed to have been destroyed or abandoned during egg laying (e.g., as a result of nest parasitism by starlings) were treated as incomplete clutches. Such data were only used to assess the phenology of the breeding attempts of this species and to calculate its nesting success. The length of the breeding period in different seasons was calculated from the day on which the first egg was laid in the earliest nest to the day on which the last nestling fledged. The incubation period was calculated for individual nests as the day on which the last egg was laid to the day before the first nestling hatched. The length of stay of the nestlings in the nest was measured from the date on which the first young hatched to the day on which the first nestling fledged from the nest cavity. The durations of specific breeding stages were compared to the number of days from April 1 to the day on which the next breeding stage began (egg laying, hatching, or fledging). One day was added during 2004, as it it was a leap year (see Table 1 ). Relative dates of specific breeding stages were set relative to the medians calculated for the breeding stages in a given breeding season. Based on direct observations of nests and traces and remnants of birds or eggs left in or near the nest cavity, the degree of nest loss (as a result of, e.g., nest parasitism by other hole-nesting species) was assessed.
Statistical analysis
Statistical calculations were performed using the Statistica Soft 7.1 Pl software. A significance level of 0.05 was employed for all statistical differences. The KruskalWallis test along with the Dunn post hoc test were used in the statistical analysis. The relationships between qualitative variables were analyzed using the chi-square test, and Spearman's rank correlation coefficient was used when investigating relationships between quantitative variables.
Results
Egg-laying phenology
The Syrian Woodpeckers began nesting at some point during the period from April 24 to May 3 (Table 1 ). The average egg-laying date was May 15, and even though this ranged from May 10 to 18 depending on the year, no statistical differences in average egg-laying date were found among years (H = 2.97, df = 3, ns, 
Size of clutch
Females laid one egg each day, apart from an exceptional one-day break in egg laying that was observed in 2003. The clutch size ranged from two (observed for just one clutch) to seven eggs, with an average of five eggs (39.3 %, n = 56), and there was no between-year difference in this mean (H = 0.333, df = 3, ns, Table 1 ). Clutch size decreased as the season progressed (rs = -0.55, n = 51, p \ 0.05, Fig. 3 ).
Incubation and hatching
The incubation period for Syrian woodpecker eggs ranged from 9 to 13 days, with hatching most often occurring after 10 days (45.9 % of broods, n = 37). Incubation periods lasting 9 and 11 days were also often observed (21.6 and 27.0 %, respectively). Only in one case each (2.7 %) did nestlings hatch after 12 or 13 days of incubation. The median length of the incubation period was 10 days, and there was no between-year difference in this median length (H = 5.30; df = 3; ns, Table 1 ). The earliest and latest hatching dates observed were May 10 and June 27. The mean hatching date was May 31, and this did not differ statistically significantly among years (H = 1.74; df = 3; ns, Table 1 ). Hatching most often occurred during the last ten days of May, when 41.9 % of the clutches hatched (Fig. 1) . Most often, five young hatched in a clutch (36.5 %, n = 41). Four and six young hatched less often (29.3 and 17.1 % respectively, Fig. 2 ). There was no statistically significant difference among years in the mean of the number of young that hatched (H = 3.34; df = 3; ns), and the long-term mean hatching rate of young was 4.4 (range 4.0-4.9) during the years of the study (Table 1) .
Nest occupation
The young remained in the nest for an average of 27 days; there was no statistically significant difference among years in this average (H = 3.20; df = 3; ns, n = 36, Table 1 ). The young remained in 33.3 % of the nests for 27 days, in 22.2 % of the nests for 26 days, and in 27.8 % of the nests for 28 days. There were only three cases of birds remaining in the nest for 29 days (8.3 %), and only once did this period last for 24, 25, or 30 days (each representing 2.8 %, Table 1 ).
The earliest that young left the nest was 5 June, and the latest was 22 July. The length of the breeding season ranged from 74 to 93 days (Table 1 ). The largest proportion of the young (43.5 %) fledged in mid-June; 19.6 % of the broods fledged at the end of June, and another 19.6 % during the first 10 days of July (Fig. 1) . There was no statistically significant difference among years in the mean 
None of the breeding parameters showed any between-year differences (statistical tests employed are discussed in the text); * days from 1 April, except during 2004 (a leap year), when 1 day was added Fig. 1 Syrian Woodpecker breeding phenology for specific 10-day periods during the breeding season. Black day on which the first egg of the clutch was laid (n = 57), gray day on which the first young of the brood hatched (n = 43), white day on which the first young of the brood fledged (n = 37) (Table 1) .
Size of brood
From two to six nestlings fledged; five fledged in 32.5 % of the broods (n = 37) (Fig. 2) , and two fledged in just four nests (10.8 %). As the breeding season progressed, fewer young fledged (rs = -0.49, P \ 0.05, n = 46, Fig. 4 ). The mean number of fledged young did not differ statistically significantly among seasons (H = 0.70; df = 3; ns, n = 37, Table 1 ). When all of the clutches (together with losses) were considered, the mean number of fledglings was 2.8, and the number of fledgings ranged from 2.4 to 3.3 young per pair (H = 0.88; df = 3; ns, n = 56). When only successful nests were considered, the mean was 4.2 fledglings and the range was 4.1-4.6 young per pair (Table 1) .
Causes and extent of nest loss
Syrian Woodpecker hatching success ranged from 60.0 to 70.5 % and was not statistically significantly different among seasons (mean 66.7 %; v 2 test = 1.49; df = 3; ns, Table 1 ). The breeding success ranged from 51.2 to 65.3 %. The average was 56.0 %, and there was no statistically significant difference in the average among the study years (v 2 test = 3.93; df = 3; ns). Nesting success averaged 56.9 % and showed no between-year differences (v 2 test = 2.20; df = 3; ns). The proportion of the monitored nests in which at least one nestling fledged ranged from 50.0 to 70.6 % ( Table 1) .
There was no confirmed Syrian Woodpecker nest predation; instead, Starlings Sturnus vulgaris caused the greatest number of losses. This species is the main parasite of Syrian Woodpecker nests, destroying 23.5-40.9 % (mean 30.8 %, n = 65) of them. Some losses (6.2 %) also resulted from the clutch becoming cold; others (1.5 % each, n = 65) were caused by hypothermia in the chicks, flooding caused by tree sap, nest parasitism by the Wryneck Jynx torquilla, or brood abandonment.
Discussion Breeding phenology
The date of the start of the breeding period of the studied population of Syrian Woodpeckers was similar to that of Fig. 4 Correlation between the number of young leaving the nest and the relative date of fledging. Calculated for the median date of fledging during each breeding season (the size of the circle for each data point represents the corresponding n value, which ranges from 1 to 3, and total n = 46) Fig. 3 Clutch size versus relative date on which the first egg was laid, calculated based on the median number of eggs laid in each breeding season (the size of the circle for each data point represents the corresponding n value, which ranges from 1 to 4, and total n = 51) the population of Syrian Woodpeckers in Ukraine (Afanasyev 1998). This was 1-2 weeks later than those of the populations in Austria, Vojvodina, and Israel, where the species starts laying eggs in mid-April (Szlivka 1957 (Szlivka , 1962 Ruge 1969; Barnea 1982; Shirihai 1996; MerstenKatz et al. 2012) . Indeed, the beginning of the breeding season occurs in the last week of April and the beginning of May in the Gaza Strip (Al-Safadi 2004), although only five broods of Syrian Woodpecker were investigated in that work, which may be an incomplete picture of the reproductive phenology of this species in that area. It can be assumed that breeding begins a little later at higher latitudes than in southern regions (e.g., Sanz 1998). This suggests that the variation in the beginning of the breeding season may be due to the slower growth of vegetation in cooler climates and the subsequent shift in the emergence of insects, which are the primary food of woodpecker nestlings (Glutz von Blotzheim and Bauer 1980; Cramp 1985) . For this reason, a characteristic shift in breeding period is observed in birds that attempt to adapt their breeding periods to the period of optimal food resources in the environment (Lack 1954) .
The length of the egg-incubation period for the Syrian Woodpecker study population was similar to the corresponding length for populations in other, warmer regions of the range of this species: it averaged 11 days and ranged from 9 to 14 days (Ruge 1969; Marisova and Butenko 1976; Barnea 1982; Cramp 1985; Mersten-Katz et al. 2012) . The time that young Syrian Woodpeckers in the study population spent in the nest was quite similar to the corresponding time recorded for the Austrian population, where it was about 24-26 days (Ruge 1969; Holzer and Holzer 1982) . Young were found to occupy nests for very short periods in Vojvodina: 21 or sometimes just 17 days (Szlivka 1957) . In this case, one factor that likely accelerated the departure of young was nest disturbance by the author (Szlivka 1957; 1962; Ruge 1969 ). This appears to be confirmed by the results obtained in warmer regions, such as Israel and the Gaza Strip, where young leave the nest well after 26 days (Barnea 1982; Al-Safadi 2004; MerstenKatz et al. 2012) .
Factors influencing the clutch size
The clutch size in the Syrian Woodpecker study population was similar to those in the Austrian and Romanian populations. In those countries, the average was 5.1-5.2 eggs, and the range was 4-7 eggs (Ruge 1969; Glutz von Blotzheim and Bauer 1980) . Further south in Vojvodina, Israel, and the Gaza Strip, clutches were smaller, with some comprising 3-7 eggs (Szlivka 1957; Barnea 1982; Shirihai 1996; Al-Safadi 2004) . Much larger clutches were recorded in the northern part of the woodpecker's geographical range. Clutches of 3-12 eggs were found in Ukraine, where 8-9 eggs were most often noted (Marisova and Butenko 1976; Afanasyev 1998) . Similarly sized clutches were observed for the subspecies D. s. transcaucasicus, which inhabits the Caucasus, where up to 11 eggs per clutch were observed (Dementiev et al. 1951 ). Looking at the locations from which the cited data were obtained, it can be assumed that the brood size varies in order to optimize the reproductive success of the Syrian Woodpecker at different latitudes. In northern regions, where the day is longer, birds may invest in larger broods because they can spend much longer hunting for food than in southern areas, thus allowing them to feed more young (Lack 1954; Sanz 1998) .
Differences in clutch size may also derive from variations in the Syrian Woodpecker density in different areas. It has been found that clutches are larger when there is less intraspecies competition among birds (Nummi and Saari 2003) . Such a dependency can also be discerned in the Syrian Woodpecker population. In the study area, where the species reaches a density of approximately 14-20 pairs/ 10 km 2 in optimal habitats (Michalczuk and Michalczuk 2006a) , females lay more eggs than in Israel, where the population density reaches over 40 pairs/10 km 2 (Shirihai 1996) . In that region, the Syrian woodpecker clutch size is the smallest, ranging from three to five eggs (Barnea 1982; Shirihai 1996; Al-Safadi 2004) . In the north-eastern part of the species' range (i.e., Ukraine), where the woodpecker density is several times smaller (approximately 0.5-5.0 pairs/10 km 2 ; Mitjaj 1986), the clutch size is much larger, most commonly 8-9 eggs (Afanasyev 1998) . These differences suggest that northern populations may have a greater reproductive rate than central populations, which may in turn increase the sizes of the populations found at range extremities. This may be confirmed by the increased expansion of the species in Russia, at the northeastern extremity of the Syrian Woodpecker's range (Zavialov et al. 2008) .
The average number of young leaving the nest from successful broods in the Syrian Woodpecker study population was higher than that in the Vojvodina population, where it was 3.4 young (Szlivka 1962) . The corresponding result for the Austrian population, approximately 4.5 young (Ruge 1969) , suggests that such diverse reproductive rates are probably due to differences in the clutch size of this species among the regions mentioned.
Reproductive success
The nesting success of the Syrian Woodpecker study population was slightly lower than those observed for other primary cavity nesters, such as the Greater Spotted and Middle Spotted Woodpeckers, which have average nesting successes of 70-80 % (Pasinelli 2001; Mazgajski 2002; Kosiński and Ksit 2006) . The hatching success of the Syrian Woodpeckers in our study area was similar to those of the Austrian population (72 %; Ruge 1969) and the Middle Eastern population (58 %; Al-Safadi 2004). However, the breeding success in the latter region was significantly lower, 38 % (Al-Safadi 2004) . This reproductive rate is approximately half that seen in our study, and is the result of nest predation by snakes or rats, which leads to a loss of about 40 % of the broods in the Middle East (AlSafadi 2004) . This may also be a reason why woodpeckers in the Middle East lay fewer eggs-to enable re-nesting after an initial failed attempt (e.g., Slagsvold 1982).
Results obtained from other regions such as Vojvodina and Ukraine (Szlivka 1957 (Szlivka , 1962 Ruge 1969; Marisova and Butenko 1976; Afanasyev 1998) confirm that there are no predator-related losses of European Syrian Woodpecker broods. Those observations indicate that the level of nest predation experienced by this species may depend on geographical location and may also be modified by the type of environment in which the birds nest (e.g., Thorington and Bowman 2003; Jokimäki et al. 2005) . This is because this species colonizes a variety of very different habitats (Mendelssohn and Yom-Tov 1999; Aghanajafizadeh et al. 2011; Fröhlich and Ciach 2013) . Our research indicates that the Syrian Woodpecker has circumvented the threat posed by nest predators by colonizing anthropogenic habitats in Europe. This most likely increases breeding success and favors the growth of the European population of this species. However, as demonstrated by our research and confirmed in the literature (Szlivka 1957 (Szlivka , 1962 Mitjaj 1986; , the reproductive success of European populations of the Syrian Woodpecker is lowered by the significant nest parasitism performed by the Starling, which destroys about one-third of the Syrian Woodpecker broods in Europe. Such considerable pressure from this secondary cavity nester can weaken the pace of expansion and inhibit the colonization of new areas by the Syrian Woodpecker.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://crea tivecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
